One strain of a thermophilic, slightly halotolerant bacterium was isolated from a thermally polluted industrial runoff near Salisbury, United Kingdom. This organism, strain PRD-lT (T = type strain), for which we propose the name Rubrobacter xylanophilus sp. nov., produces short gram-positive rods and coccoid cells and forms pink colonies. The optimum growth temperature is approximately 60°C. Unusual internal branchedchain fatty acids (namely, 12-methylhexadecanoic acid and 14-methyloctadecanoic acid) make up the major acyl chains of the lipids. The results of our 16s rRNA sequence comparisons showed that strain PRD-lT is related to Rubrobacter radiotolerans and that these two organisms form a deep evolutionary line of descent within the gram-positive Bacteria.
were determined by incubating the organisms at temperatures between 35 and 75°C in 300-ml metal-capped Erlenmeyer flasks containing 100 ml of Thermus medium in a reciprocal water bath shaker. The pH range for growth of strain PRD-lT was determined in Thermus medium buffered at pH 6.0 and 6. Single-carbon-source assimilation experiments were performed by using a minimal medium composed of CMD ( 2 ) basal salts medium to which filtersterilized carbon sources (2.0 g liter-'), yeast extract (0.2 g liter-'), and ammonium sulfate (0.5 g liter-') were added. Growth was examined turbidimetrically at 610 nm after growth for 7 days in metal-capped tubes (16 by 160 mm) containing 5.0 ml of medium incubated at 60°C in a water bath. The negative controls contained no carbon source; growth was also monitored in Thermus medium.
Determination of the G+C content of DNA. Cells from a 500-ml overnight culture were harvested by centrifugation and resuspended in 10 ml of 50mM Tris-HC1 (pH 8.0). Then lysozyme (10 mg) was added, and the cell suspension was incubated for 45 min at 4°C. Proteinase K and sodium dodecyl sulfate were added to final concentrations of 1 mg ml-' and 0.2%, respectively, and the mixture was kept on ice for an additional 2 h. The proteins were denatured by adding an equal volume of 2 M sodium perchlorate and then an equal volume of chloroform and gently mixing the preparation until a stable emulsion was obtained. The suspension was centrifuged at 12,000 x g for 5 min at 4"C, and the aqueous layer was recovered. After 2 volumes of ice-cold ethanol was added, the DNA was spooled, dried in a stream of air, and dissolved in 5 ml of T E buffer (10 mM Tris-HCI, 1.0 mM EDTA, pH 8.0). DNase-free RNase (1.0 mg) was added, and the mixture was incubated overnight at 4°C. An equal volume of phenol was added, and the suspension was mixed gently. The resulting mixture was centrifuged at 5,000 X g for 5 min at 4"C, and the top layer was recovered. The remaining phenol was removed by washing the preparation three times with ether. The DNA was spooled as described above and resuspended in 0.1x SSC (1X SSC is 0.015 M trisodium citrate plus 0.15 M NaCI).
The DNA base composition was determined by the thermal denaturation method of Marmur and Doty (20) in 0.1X SSC by using a Pye Unicam SP-100 spectrophotometer equipped with a temperature program controller. The G + C content was determined from the denaturation temperature by the method of Gillis et al. (9) (42) . Nearly complete 16s rRNA genes were amplified by PCR (22, 30) by using forward primer 16F27 (5'-AGAGTTTGATCMTGGCTCAG-3' [M = A or C]; hybridizing at positions 8 to 27 [E. coli 16s rRNA gene sequence numbering]) and reverse primer 16R1525 (5'-AAGGAGGTGWTCCAGCC-3' [W = A or TI; hybridizing at the complement of positions 1525 to 1541). PCR amplification was performed by using a GeneAmp 9600 apparatus (Perkin-Elmer Corp., Nonvalk, Conn.) and the reaction conditions described previously (14) .
PCR DNA products were purified by using Centricon-100 microconcentrators (Amicon GmbH, Witten, Germany). The purified PCR DNA was sequenced directly by using an Applied Biosystems model 373A DNA sequencer, the protocol recommended by the manufacturer (Perkin-Elmer Applied Biosystems Gmb, Weiterstadt, Germany) for Taq cycle sequencing, and fluorescent-dyelabeled dideoxynucleotides. The sequences of both strands of the PCR-amplified 16s ribosomal DNAs were determined by using the forward and reverse oligonucleotide primers described previously (17) . The sequence data obtained were aligned with reference rRNA sequence data that were maintained in an in-house database by using the evolutionarily conserved primary sequence and secondary structure as references (10, 43) . Evolutionary distances were calculated from masked sequence pair levels of similarity (17) , and a correction factor for back mutations was included (13) . We used a weighted, least-squares distance method (24) to generate dendrograms.
Polar lipid, lipoquinone, mycolic acid, and peptidoglycan analyses and fatty acid composition. The cultures used for polar lipid analysis were grown in I-liter Erlenmeyer flasks containing 200 ml of Themus medium at 45°C for R. radioroleruns and at 60°C for strain PRD-IT in a reciprocal water bath shaker until the late exponential phase of growth. Harvesting of the cultures, extraction of the lipids, and two-dimensional thin-layer chromatography were performed as described previously (7, 27) .
Lipoquinones were extracted from freeze-dried cells and were purified by thin-layer chromatography as described by Tindall (36) . The lipoquinones were separated with a Gilson high-performance liquid chromatograph by using a reverse-phase (RP18) Spherisorb S5 ODs2 column and methanol-heptane (10:2, vol/vol) as the mobile phase and were detected at 269 nm.
Mycolic acids were extracted from cells obtained from growth in the appropriate growth medium by using the method of Minnikin et al. (21) . Thin-layer chromatography was performed on Silica Gel 60 plates (10 by 20 cm; thickness, 0.25 mm; Merck) by using triple development with petroleum ether (bp, 60 to 80°C)-acetone (955, vol/vol). The components were revealed with molybdophosphoric acid.
Peptidoglycan was prepared and peptidoglycan structure was determined as described by Schleifer and Kandler (32) . Freeze-dried cells (1 mg) were hydrolyzed in 0.2 ml of 4 N HCI at 100°C for 16 h (total hydrolysate) or for 45 min (partial hydrolysate). The diamino acid content was determined by one-dimensional thin-layer chromatography on cellulose plates by using methanol-pyridine-water-I0 N HCI (32:4:7:1, vol/vol) solvent system. Amino acids and peptides were identified after two-dimensional thin-layer chromatography performed with the solvent systems of Schleifer and Kandler (32) by their mobilities and staining properties with ninhydrin.
For the fatty acid analysis R. rudiotolerans was grown at 37 and 45°C and strain PRD-lT was grown at 45 and 60°C until the mid-exponential phase of growth. Fatty acid methyl esters were obtained from fresh wet biomass by saponification, methylation, and extraction by using the method of Kuykendall et al. (16) . Fatty acid methyl esters were separated with a Hewlett-Packard model 5890 gas chromatograph fitted with a 5% phenylmethyl silicone capillary column (Ultra 2; 0.2 mm by 25 m; Hewlett-Packard) by using the protocol of the Microbial Identification System (MIDI; Microbial ID, Inc., Newark, Del.). The fatty acid methyl esters were identified and quantified and a numerical analysis of the fatty acid profiles was performed by using the MIDI software package.
Mass spectrometry. Gas chromatography-mass spectrometry (GC-MS) was performed with a model MS80 RFA mass spectrometer (Kratos, Ltd., Manchester, United Kingdom) interfaced with a Carlo Erba model 5160 capillary gas chromatograph equipped with a type BPX-5 column (0.2 mm by 25 m; SGE Ltd., Milton Keynes, United Kingdom). Spectra were recorded by using electron ionization at an ionization energy of 70 eV, chemical ionization, and isobutane as the reagent gas. Negative ion fast atom bombardment mass spectra of isoprenoid quinones were obtained with the same instrument by using 3-nitrobenzyl alcohol as the liquid matrix. Samples were trimethylsilylated by treating them with 100 p1 of bis-(trimethylsily1)-trifluoroacetamide (Fluka, Buchs, Switzerland) for 30 min at 60°C. Picolinyl esters were prepared by the method of Harvey (12) as modified by Wait and Hudson (39) .
Nucleic acid sequence accession numbers. The 16.5 ribosomal DNA sequence data are available from EMBL under accession number X87134 for R. rudiotolerans DSM 46359T and accession number X87135 for strain PRD-lT. 
RESULTS AND DISCUSSION
Morphological and biochemical characteristics. Strain PRD-lT produced very short, gram-positive, nonmotile, rodshaped cells and a few spherical cells in older cultures on solid medium. The colonies of strain PRD-lT were light pink after growth at 60°C, but bright pink after growth at 45°C. The colonies of R. radiotolerans were bright pink.
The following media were tested initially to determine whether they supported growth of strain PRD-lT and R. radiotolerans: nutrient broth, tryptic soy broth, medium 162 (4), and Thermus medium. Both organisms grew on all of the media, but growth was excellent on Thermus medium, and this medium was used throughout this study. Several biochemical characteristics, such as the presence of cytochrome oxidase and catalase, reduction of nitrate to nitrite, the inability to ferment carbohydrates, and the ability to grow in Thermus basal salts medium containing only (NH,),SO, (0.5 g liter-') and an appropriate carbon source, were identical in strain PRD-lT and R. radiotolerans. The growth temperature range was the most outstanding differential characteristic for the two organisms ( Fig. 1 ). Strain PRD-lT had an optimum growth temperature of about 60°C and did not grow at temperatures above 70"C, while R. radiotolerans had an optimum growth temperature between 45 and 50°C and did not grow at temperatures above 55°C. Strain PRD-lT hydrolyzed xylan, while R. radiotolerans did not. Several other phenotypic differences, including utilization of inositol by strain PRD-lT, distinguished strain PRD-lT from R. radiotolerans (Table 1) .
GC-MS. The fatty acid composition of strain PRD-lT was determined by gas chromatography, but several chromatographic peaks did not match the equivalent chain lengths of the fatty acid methyl esters in the MIDI database; we used GC-MS to identify these peaks. One peak eluted between 16:O and 17:O and had an electron ionization mass spectrum typical of a 17-carbon fatty acid ( Table 2) . The presence of a methyl branch at position 12 was indicated by three weak ions at mlz 227 (cleavage distal to the methyl group, forming a stabilized carbocation), mlz 195 (loss of CH,OH from mlz 227), and mlz 177 (loss of H,O from mlz 195), which identified the compound as 12-methylhexadecanoic acid (12-methyl-16:O). Similar fragment ions were present in the mass spectrum of a minor peak that had a molecular ion at mlz 298, which was identified as 12-methylheptadecanoic acid (12-methyl-17:O). The equivalent chain length of the other component (M+ at mlz 312) was less than 19:0, suggesting that the structure was branched. This compound was identified as 14-methyloctadecanoic acid (14- small peak that eluted immediately before 14-methyl-18:O was identified by GC-MS as 12-methyloctadecanoic acid (12-meth-
The identities of the components described above were confirmed by the results of GC-MS of their picolinyl esters. In the mass spectrum of the picolinyl ester of 14-methyl-18:O the low abundance of mlz 318 and the interval of 28 between mlz 304 and 332 confirmed the presence of a methyl group in position 14 (Fig. 2) . The structure of 12-methyl-16:O was also deduced from the mass spectrum of its picolinyl ester. The major fatty acid methyl esters of R. radiotolerans were identified by their mass spectra as 12-methyl-16:O and 14-methyl-18:O.
The retention times of several unidentified peaks in the gas chromatograms increased after trimethylsilylation, indicating that hydroxyl groups were present. The results of an analysis in which electron ionization and chemical ionization GC-MS was used suggested that these peaks corresponded to long-chain primary alcohols containing 16, 17 (two isomers), 18, and 19 carbon atoms. Since the retention times of these compounds were somewhat less than those of the available straight-chain standards, their alkyl chains were probably branched. Mass spectrometry of the trimethylsilyl derivatives did not, however, result in full characterization of the alkyl chains.
Several late-eluting peaks detected in the gas chromatograms had mass spectra dominated by a fragment ion at mlz 205, which is known to be characteristic of l-O-alkyl-2,3-di-O-yl-18 :O) . ' Two isomers were detected by GC-MS.
trimethylsilyl glycerols (8) . The results of chemical ionization GC-MS indicated that the two most abundant compounds were a pair of isomeric l-heptadecyl-2,3-di-O-trimethylsilyl glycerols. In the absence of authentic standards, it was not possible to determine if the alkyl chains were branched from the mass spectra of the trimethylsilyl ether derivatives. A component with a mass spectrum very similar to the mass spectra of the C,, alkyl glycerols was also present in the spectrum of the R. radiotoleruns extract. Respiratory quinone, polar lipid, cell wall, mycolic acid, and fatty acid compositions. The only respiratory lipoquinone detected in strain PRD-lT and R. radiotolerans was menaquinone 8. The identity of the quinone was confirmed by negative ion fast ion bombardment mass spectrometry, which revealed a molecule that had a molecular anion at mlz 716.7, which is consistent with the presence of menaquinone 8. Mycolic acids were not detected in either of the organisms.
The thin-layer chromatography polar lipid patterns of the two organisms were also similar and consisted of five phospholipids, including phosphatidylglycerol and diphosphatidylglycerol, one phosphoglycolipid, and one glycolipid (Fig. 3) . These results are in agreement with the results of Suzuki et al. (35) .
The peptidoglycan of strain PRD-lT contained lysine, glutamic acid, and alanine at a molar ratio of 1:1:3. The results of an analysis of partial hydrolysates of the peptidoglycan were compatible with the identification of the peptidoglycan as type A3u (L-Lys-L-Ala) as defined by Schleifer and Kandler (32) , and the strain PRD-lT peptidoglycan was identical to the peptidoglycan of R. radiotoleruns (35) .
The fatty acid compositions of strain PRD-lT and R. radiotolerans were also qualitatively very similar. At the optimum growth temperature 14-methyl-18:O was the major fatty acid in strain PRD-lT (53% of the total acyl groups), while 12-methyl-16:O accounted for about 12% of the acyl groups; 12-methyl-17:O and 12-methyl-18:O were present in relatively minor amounts. In contrast to strain PRD-lT, 12-methyl-16:O accounted for 54% and 14-methyl-18:O accounted for 11% of the acyl chains in R. radiotoleruns grown at 45°C. The difference in the fatty acid compositions of the two organisms was not due to different growth temperatures since 14-methyl-18:O was also the major fatty acid after growth of strain PRD-lT at 45°C ( Table 2) . Several of the fatty acids identified in this study (namely, 12-methyl-17:0, 12-methyl-1 8:0, and 14-methyl-18:O) and the long-chain alcohols were not found previously in R. radiotoleruns (39, and we did not detect anteiso-19:O or 2-OH-17:O.
Internally branched fatty acids with a methyl group at position 10 are common in mycolic acid-containing gram-positive bacteria (1, 15, 34) and are present in some sulfate-reducing bacteria belonging to the Proteobucteria (37) . In Thermomicrobium roseum 12-methyl-18:O is the major fatty acid, and other internally branched fatty acids are also present (26) , but this bacterium belongs to the green nonsulfur bacteria and is not related to R. radiotolerans and strain PRD-lT. 16s rRNA sequence analysis. PCR amplification of the 16s rRNA genes between nucleotides 28 and 1524 allowed us to determine 1,508 nucleotide positions or approximately 98% of the complete gene (estimated by comparison with the 16s rRNA gene of E. coli). Masked sequence comparisons of the 16s ribosomal DNA of strain PRD-lT with reference sequence data (25, 38) demonstrated that PRD-lT clusters with the gram-positive bacteria and is most similar to the species having high G + C contents, which is consistent with the results of gram staining and with the G + C content of the DNA (67.6 mol%). However, PRD-lT was not particularly closely related to any of the previously described reference organisms for which sequence data were available. The levels of sequence similarity ranged from 75 to 80% with the most closely related high-G+ C-content gram-positive species. On the basis of fatty acid results, Tindall suspected that strain PRD-lT was closely related to R. radiotolerans (36a) . Therefore, the 16s rRNA gene sequence of R. radiotolerans was determined to compare it with the strain PRD-lT sequence. Our results showed that the level of sequence similarity between the two organisms was about 90%. Figure 4 shows that strain PRD-IT and R. radiotolerans form a very deeply branching line of descent within the high-G+ C-content gram-positive bacteria.
The level of 16s rRNA gene sequence similarity between strain PRD-lT and R. radiotolerans (90%) is relatively low for species belonging to the same genus (3). However, we decided to place strain PRD-lT in the genus Rubrobacter at this time because of the lack of differentiating phenotypic and chemotaxonomic characteristics that would justify creation of another genus, and we propose the name Rubrobacter xylanophilus for this organism. liking xylan). R. xylanophilus forms pleomorphic short rodshaped cells that are 0.9 to 1.0 pm wide and 1.0 to 3.0 pm long; coccoid cells are also present. Gram positive. Colonies on Thermus medium incubated at 60°C for 7 days are 1.5 to 2.0 mm in diameter, circular, convex, smooth, opaque, and light pink. Motility and endospores are not observed. Strain PRD-lT is aerobic, and no growth occurs under anaerobic conditions. Growth occurs in basal salts medium containing (NH,),SO, and an appropriate carbon source. The optimum temperature for growth is about 60°C; no growth occurs at temperatures below 40°C or above 70°C. The optimum pH for growth is 7.5 to 8.0; growth does not occur at pH values below 6.0 or above 10.0. Cytochrome oxidase, catalase, and P-galactosidase are present. Xylan is hydrolyzed. Non-fermentative. Nitrate is reduced to nitrite. Growth occurs in Thennus medium containing 6.0% NaCl. Gelatin, hide powder azure, arbutin, esculin, and hippurate are hydrolyzed. Growth occurs on many common sugars, organic acids, and amino acids. The major respiratory quinone is menaquinone 8, and the major fatty acid is 14methyl-18:O. The peptidoglycan type is type A3a. The G+C content of the DNA is 67.6 rnol%. The natural habitat of R. xylanophilus is not known.
Description of
Type strain PRD-1 has been deposited in the Deutsche Sammlung von Mikroorganismen und Zellkulturen as strain DSM 9941.
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